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1 OVERVIEW

1.1 Purpose of the Document

In 2007 Michigan Department of Transportation (MDOT) began a widespread deployment of a Road
Weather Information System (RWIS), beginning in the Upper Penifi$ulzugh a series of strategically
placed Environmental SemsStations (ESS) in remote rural asgthe RWIS was intended to help better
identify inclement weather and adverse road conditions at critical locations that do not often receive
monitoring in order to more efficiently deploy and prioritize maintenance needs and provide improved
traveler inbrmation to motorists. MDOT has continued the deployment of fixed ESS assets throughout
the state to meet local stakeholder needs and challenges. Newer trends in the data acquisition of road
weather information have allowed MDOT to collect, process, asgetinate in variety of methods. The
availability of road weather information on mobile assets such as snow plow vehicles, traditional
vehicles with orboard communications, and from service providers that use crowd sourced data or
probes, have enhanced ad weather information that is available to stakeholders.

As MDOT plans the next 5 years of effective deployment of technologies and services for the RWIS
program, an assessment of all existing and available resources is critical to determine the mest prud
pathway towards acquiring RWIS data to meet the needs of the stakeholders. This strategic plan
discusses how the needs of stakeholders align with the latest available methods for obtaining road
weather information using an array of technologies tham catisfy user needs. Subsequently, the
report provides MDOT guidance for future deployment phases to support the road weather program
and prioritize which investments must occur at the state and regional level. The report is intended to
augment the RWIStrategic Assessment report from July 20IHe intent of the report is not to
evaluateproposed ITS projects for R\tie projects, but rather to provide guidance in developing the
scope of future RWIS projedts support the overall goaland practice®f the department

1.2 Vision & Goals

The vision for the MDOT RWIS program is to have a robust and reliable RWIS that provides users with
valuable information about road and weather conditions around the entire state of Michigan using an
array of existing ath next generation technologies. The RWIS program will centralize all road weather
and forecasting data from all available sources and share the data with all internal complementary
applications to enhance the use of the information for amskrs. The RWI8ogram will require
statewide and regional based initiatives to ensure a robust system is deployed efficiently to maximize
the tradeoffs between various technologies and complementary products (fixed, mobile, and crowd
sourced assets). Key Goals for RIS program are:
" Determination of roadway conditions to support winter maintenance decisions, traffic
operations and motorist advisories.
" Provision of enhanced weather forecasts to support efficient decision making.
" Support for reporting roadway penfmance to meet key Transportation Systems Management
and Operations goals.

1.3 Use of the Strategic Plan

This strategic plan is designed to meet the needs of MDOT personnel in charge of road weather
maintenance and/or traffic operations. It helps to idegtiffhat types of resources should be utilized to
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address specific needs in the respective areas of the state. It further allows regional users to make
specific decisions about future RWiSestmentsthat meet the overall goals of the statewide RWIS
program These decisions may include, but are not limited to:

Maintenance Users

”

Which RWIS resources should be considered to enhance maintenance decision support?
" Which RWIS resources should be considered to provide the most optimal fobasast on the
time domain (05 mins, 5 ming 1 hr., 1hr t6hrs, 6hrst 24hrs)
Which RWIS resources should be considered to enhance trea@nentnonitoringof known
trouble areas?

" Which RWIS resource will provide the abilityrionitor the roadway?
Traffic Operatons

”

Which resources should be considered to provide neartiesd notification to motorists about
imminent weather conditionahead of then?

Which resources should be considered to provide neartiesd notification to motorists about
imminent weather caditions at specific locations?

Which RWIS resources should be considered to provide the most optimal forecast based on the
time domain (65 mins, 5 ming 1 hr., 1hr t6hrs, 6hrst 24hrs)?

Which resources should be considered to enhance traffic managedweing weather events?

ITS Program Office

Which resources should be considered to addiesseghat are regionally significant for the
purpose®

Which resources should be considered to address statewide needs?

Which system applations will support the future RWIS Data Use and Processing environment in
the most cost effective manner?

1.4 EXISTING MDOT PROGRAM DESCRIPTION

D Kd[e Z]-3]sPordprised of a variety of field resources that acquire Aea time road

weather infamation and systems that collect, store, process and disseminate the information for the

end users. S ]o e E]%S8]}v }( D Kd[e Zt/N ¢CeS u Vv (Juv Jv %% v 1A
provides a brief overview of the resources and systems currentlyastipg the RWIS program in

Michigan.
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2 New Trends in RWIS Data Acquisition

This section provides an analysis of mobile data opportunities to support road weather management
(RWM) functions in the State of Michigan. The analysis is based on marketarehdgamines
connected vehicle (CV) sourced data and commercial weather services.

2.1 Connected Vehicle Sourced Data

There are emerging acquisition technologies in the CV environment that can provide end users with a
denser, hypeilocal resource for decisimmaking. These CV applications continue to emerge and serve

as data collectors that anonymously transmit traffic, weather, and road condition information. This data

can provide MDOT with the information necessary to assess operational and environmenatitiors

of roadways. Many new vehicle models are now capable of collecting a range of data elements that can
augment data that is already sourced from fixed sensors to identify and implement the most beneficial
roadway treatment or TSMO strategy. Datareents sourced from CVs can be categorized as

AK o EA 8 o uvde ~]JE 5} EA S]}ve }( 3u}e%Z E] }v ]8]}veeU
(Used in conjunction with observed data to determine roadway conditibns).

One telematics service provid#rat partners with automobile manufacturetseganusing onboard
sensors in CVs to collect data elements to create-ties views of roadway conditions in 201%ensor
data related to the speed, direction, vehicle location, hard braking, mindshield wiper usage, tire
traction and fog light usage will be collected, processed, and combined with data from other sources
(such as commercial weather service providers, other mobile devices, other equipped vehicles, and
infrastructure componentfs The data will then be distributed to other vehicles subscribed to the same
service. As this service evolves initially it will only be available on vehicles manufactured by three
companies that are currently in partnership with the telematics serviowider. It is important to note
that today, 70 percent of global connected service sales come from premium vehicles. It is estimated
that by 2022, that number is expected to fall to 50 percent as an increasingly number of lower end
vehicles become equjyed?

2.2 Weather as a Service

Commercial weather service providdBWSP) }vi]vp 3} u EP 3} % E}A] "~"A §Z E =«
government, private industry and consuméos a fee and as Hkind servicebased on memorandum of
understanding between partiedn part these services are provided to users that want reliable, accurate

and timely weather dat delivered directly into vehicles to ensure the safest and most efficient trip

possible. This data can also be used by MDOT to support operational dgcisio

Several approaches are commercially available to deliver weather as a service. Some service providers
specifically focus on providing detailed transportation specific information. These services ingest data

from a range of sources allowing modeling v oCe]e }( SE ((] § §}P 8Z E AZ] Z oo},
0} o (}E <«3]vPX_ dperdtpr&ean he piovided with mapased safety alerts related to a

range of environmental factors, including:

LVehicles as Mobile Weather Observation Systeviehoney, Bill; Drobot, Sheldon; Pisano, Paul; McKeever, Ben;
v K[*noo]A vU :JuX
2 http://www.strategyand.pwc.com/reports/connectedar-2016-study
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" Precipitation- Current precipitaion levels to help mitigate the risk of hydroplaning.
" Wind Speedt Extreme wind condition warnings to assist operators of pgtfile and light
vehicles.
" Icing- Current accumulations of freezing precipitation.
" Hail t Readtime view of hail storm threats
" Lightning- Regional maps of lightning risk locations.
" Low Visibility Realtime mapbased views of locations where fog and other airborne elements
such as dust and sand are present.
Commercial weather service providers are also availabledeige analytics for hazardous weather
detection and prediction, highesolution pointspecific forecasts, and content for mobile applications
and interactive mapping services. These services typically ingest information from surface weather
observation sations throughthe Meteorological Assimilation Data Ingest Systd\DIg and rely on a
propriety predictive models internal to the organization, and numeric weather prediction models
provided by the United StatédationalCenters for Environmental Protéah (NCEP).CWSP provide
updates of current weather observatioasid 24hour forecastsat least hourly andipdates to 1eday
forecastevery 12 hours. Weather dafaovided via commercial welér services at a minimum
generally includes:

Time of observations.

Observed air temperature.

Apparent air temperaturet (approximation of what the air temperature may feel like to an
observer).

Observed relative humidity.

Deriveddew pointtemperature,

Observed wind speeand gusts

Observed wind direction.

Observed weather conditions (clear, mostly clear, partly cloudy, mostly cloudy, clypdyof
precipitation, and obscurations to visibiljity

Route information.

Observed and forecast dasire provided to application developers and other consumers via an
application program interfaceAP).

The increased availability of these services can help MDOT address thtoneedide a range of
weather relatedinformationto travelers and ther vehicles and computers

Also of note is that some of the emerging-@¥ather services have emerging capabilities to integrate
with advance driver assistance systems (ADAS) and autonomous vehicle platforms to provideereal
and predictive machineeadable road weather conditions. Howey#re market penetration of these

3 TheUnited StatedNational Centers for Environmental Prediction (NCEP) delivers national and global weather,
water, climate and space weather guidance, forecasts, warnings and analyses to its Partners and External User
Communities.

4| Page



services willagthe invehicle provision of information as the autonomous vehicle industry continues to
mature.

2.3 RWIS Resource Options

Technology advancementsinveleés « Jv(}E&u §]}v Z A o00}A Kd[s §Z ]Jol3C &}
information that was not previously available from other resourt&he FWHA guidelines for deploying
Weather Responsive Traffic Management Strategies identify (3) newer pathways forrag o

A §Z E § 3} *u%%}ES 3Z Kd[e
RWIS program. These include Intelligent
Agency Fleets, CVs, and Connected
Third-Party Fleet Services and
Connected Travelers

PATHWAY #1
FIXED ESS

These three key pathways provide
different types of data, but allow for the
augmentationof traditional information
collected from fixed resources along
DOT roadway. Intelligent Agency Fleet | CONNECTED THIRD PARTY
v s E oE C % ES } da;h ¢ T#E\E\?E%ERS
current RWIS program and can be
leveraged to support RWIS user needs.
It is anticipated that going forward
these three mobile information
resources coupled with the fixed ESS
sources will create 4 Pathways for
D Kd[e Zt/®" WE}PE uX

Road Weather
Information System (RWIS)
Resource Options

PATHWAY #4

PATHWAY #3
CONNECTED VEHICLES

Figurel: Road Weather Information System (RWIS) Resource Options

4 United States Department of Transpditan t Federal Highway Administration.
Guidelines for Deploying Connected VehiElabled Weather Responsive Traffic Management Strategies.
Publication No: FHWAPG17-478. November 2016.
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3 Needs Assessment to Meet MDOT Vision

The endusers of road weather information are the primary drivers for the direction of the RWIS

progr u X Z *5 1 Z}o & ]Jv §Z D Kd Zt/™® % @E®}PE u Z « ]¢8]v 8§ v X DK
needs are most critical should guide the decisiegardingselection of the recommended pathway(s)

that MDOT should support in the future. This section proviesverview of the primary stakeholder

needs, resources that are available to support the needs, availability of critical road weather data, and
identification of gaps that cannot be satisfied with newer technology resources.

3.1 Stakeholder Needs

3.1.1 Winter Mairtenance

Winter maintenance staff is one of the primary RWIS stakeholders whose predominant requirement is
accurate forecasts of pavement conditions and pavement temperatures to effectively respond to
changing roadway condition&ey maintenance user needrived during the development of regional
Concept of Operations workshops and statewide needs review:

" Improved visibility on conditions near the edge of their area of responsibility to help in
allocating resources efficiently
" Realtime RWIS reporting®m the hosted web application
" Clear camera images to support decisioaking; Images must include clear night images
" Forecasts to determine when and where a storm will take place
" Information to determine if maintenance should treat the roadway, howytsbould treat, and
whether the treatment was accurate
" Better forecast and/or detection of lake effect snow bands, and snow squalls
" Access to RWIS data on a smart phone or mobile application-fi@drreporting to
maintenance crews
" Specialized road @ather information at locations that may not require a full ESS site.
" Sitee% ](] S o Z ¢ cpuCE( }v 18]}ve ~}E "PE]% _ A op s }v E]
create problems for motorists or flood gauges in areas prone to flooding
3.1.2 Traffic Marmgement & Operational Needs
Traffic operations stakeholders in Michigan play an important role in the data acquisition and
dissemination of road weather information. Road closures due to weather rarely occur in the State.
Traffic operation requirements faoad weather data acquisition and distribution include

" Traveler information to be disseminated to motorists regarding recommendations about safe
SE Ao PE]JVP Jv o uvd }v ]8]}veX ~ XPX }v[§ pue Eple IviE}oe
" Ability to collect road weather forsts to be used by traffic operations to align with weather
responsive management strategies
" Frost depth data for noffireeway corridors to better manage road restrictions at the end of the
winter season
" Level of service on the roadway for meeting peni@ance metrics
" Traffic and Safety staffanutilize thetechnologyto actively warmrmotorists of adverse road
conditions at their immediate locatiolw improve driver behavior.
" Pavement Management staff can utilize historical data tbarce pavement designs.
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" Construction staftanutilize site specific forecasting for scheduling/planning road work (i.e.
paving, striping).

3.2 Forecasting Needs

RWIS equipment and the associated support services form the basis of the MDOT road weather
program. RWIS is unique in that reporting weathelated road conditions is its primary function. ESS
sites for the RWIS program measure and report road temperature, road conditioiseapdalmetrics
associated with the amount of deicing chealiin the snow, ice, and water on the road. In the
assessment of road conditions, the original ESS configurations also incorporated sensors that measure
atmospheric conditions. These atmospheric parameters also aid maintenance personnel in their
understeinding of weather conditions at the ESS site. The meteorological community found the
measured weather conditions at RWIS sites helped fill voids in the meteorological network of
observation sites that the weather community used to create forecasts aneliyehelped improve the
performance of local forecasts.

Another facet of the RWIS program was the development of paverseetific forecasts that projected
future road conditions, as well as future weather conditions. These pavespatific forecasts abad
conditions are derived directly from standard weather forecastsose performance levelepends on

the forecastef« ] o0.] $hewaccuracy anetliability of the forecast came drastically improved by
requiring contracted entities taneet minimum performance requirementssince most snow and ice
control maintenance decisions deal with probable road conditions in the next three hours, these
pavementspecific road condition forecasts are an essential tool in maintenance deasking. Any
improvement in the local weather forecassults in improvements ithe road condition forecast.

Thus, the RWIS program creates a synergy between the RWIS output and the information gained by the
maintenance forces. Further, other stakeholdersénfaund the availability of observed and forecasted
road conditions to be real assets in assisting in their transportation or travel related deciSioms.
National Weather Service (NWS) has contributed to this advancement by moving towards winter
weatheradvisories and travel condition warnings rather theimply projectingsnow or ice totals.
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3.2.1 Forecasting Time Requirements

There areseverallatencies in the generation of road weather forecasts that influence the time it takes
to process aatal road weather conditions and transform them into usable forecasts. The CV program
was designed to transfer data almost instantaneously without incorporating the influence of projected
changes in weather conditions or treatment activities. It assurhasthe existing conditions will persist
for the next five minutes or so. Road weather forecasts beyond one hour (tactical, strategic, and
planning forecasts) depend upon a full forecast procedure. Imminent forecasts represent a bridge
between persistene and classic forecasting. The following time line illustrates the time after an
observation is made in the field when each step in the forecast process is complete. The times
represent average times to completion. The key point of this time line tgtlbanormal forecast

process used by meteorologists takes 386 minutes to generate a weather forecast and ¥4b

minutes to create a road condition forecast for the first hour. The numerical weather prediction process
requires roughly another 60 mibes to generate a gridded forecast out to 24 hours. To circumvent this
delay, meteorologists typically use the forecast from the previous hour and adjust the first hours of the
new forecast based upon the data analysest1® minutes before the currentart time. The use of
forecast guidance from the previous hour(s) is particularly a factor for imminent forecasts.

Data Collection
Data Analysis

Road Cond Forecast
Forecast Delivery
24 Hour Forecast
Road Cond Forecast
Forecast Delivery

Vav

8 —. One Hour Forecast

RN
o
S
(9]
O
o
O
(%]
o
(%3]

Figure2: Forecasting

3.3 Forecast Types
Five different types of forecasts are available toypde conditions at differing intervals offering
stakeholders information that can be used for a variety of purposes.
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3.3.1 PersistereForecasts

Connected Vehicles (CV)s serve as the sole source of road weather information in the time domain
under 5 minutes The communication and data processing activities for the other three road weather
data sources delay the observed road weather information too long to support persistence forecasts.
Figure3illustrates the vehicld¢o-vehicle (V2V) delivery and thehiele-to-infrastructure (V2I) data
exchange service. The V2V exchange is a simple transfer of observed road weather conditions from a
single vehicle to one or more vehicles almost instantaneously using wireless communications between
the two vehicles.

For V2| exchange dedicated short range communications (DSRC) enabled devices collect transmissions

from vehicles along the highway and transfer the data to an infrastructadside unitcontroller. The

controller could be used to communicate locally or has } VEE o] vAZep Z « 3E ((]
operations center (TOChesystem therstores the observations for each collection point and then

aggregates the observations from individual reports into a spatialesgrtation of the CV data by

% E u § EX v A]JP §]}v Jvs E( }Jv pe E[+ A Z] o Aloo Jvd E 3§ A]3zZ
acquire guidance on road and weather conditions immediately ahead from the current GPS location.
Alternatively, usersnay interact with the infrastructure controller to view conditions on any desired

route or route segment.

Infrastructure Controller

e ol Data
Aggregation

V2|

> v
Display
V2V Formats
\'4 A

- User Interface

A

I

Figure3: Persistence Time Domain
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3.3.2 Imminent Forecasts

As illustrated in Figuréimminent forecasts are in lge part an extension of the persistence forecasts.

The construct is to modify the most current road weather observations based upon forecasted changes

in the weather conditions influencing road conditions. Thus, the primary road weather resource

remainsthe CV data, but observed road weather conditions are modified based upon transitions in both

observed and forecasted weather conditions. The forecast steps include data aggregation of road
weather conditions from CV sources supplemented by data fronother three road weather sources,
generation of an initial analysis of the road conditions within the highway infrastructure, and

modification of this initial state based upon the weather forecast. Since it is impossible to generate a

weather forecast quikly enough from the initial set of observations, forecast data from the previous
hour is used to create a projection of road conditions within the next hour. These modified road
conditions are then formatted to meet end user requirements.

MDC/AVL
(plow trucks)

Commercial
Trucks

ESS
MADIS

Weather Service Provider

Data
Aggregation

h 4

Road Condition
Analysis

T
L4

Modified
Road Condition
Analysis

I
v

Format

Display

v

User Interface

a,,
",

Previous
Weather
Forecast

Figure4: Imminent Time Domain
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3.3.3 Tactical Forecasts

Tactical forecasts are one of the three remaining forecasts that use the classic weather forecasting
technigue to generate a base for a subsequent road condition forecastislfotecastingcenarioall

four road weather sources are used equally as input to the field analyses (digital representations of the
interpolated data for the current state of each weather parameter) as illustrated in Figufée field
analy®s become the initialization set for the generation of forecast values out to 6 or more hours.

Weather Service Provider

Multiple > Data
Automobiles Z Aggregation

L

MDC/AVL w
(plow trucks) Field
Analyses

T

Commercial H
Trucks A 2

Weather

Forecast

L

1
A 4

Road Condition
Forecast

-—=>

i
hd

User Interface

. "
--------
.........
........
.........
"""""
.....
________
o -.

Figureb: Tactical Time Domain
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3.3.4 Strategic Forecasts

AS illustrated in Figur@strategic forecasts put their primary grhasis on MADIS and ESS data since this
data is usually available more consistently and generally has a higher level of accuracy than the mobile
data sources. Further, the accuracy of weather forecasts beyond about 12 hours is more influenced by
the upperatmospheric data used as input than on the surface observations.

Weather Service Provider

Multiple N Data
Automobiles Aggregation

L

|
MDC/AVL L 4
(plow trucks) Field
Analyses
T
Commercial &

Trucks

Weather
Forecast

. &

1
h 4

Road Condition
Forecast

o o

v

User Interface

.
------
......

™
.......
.......
.....
.....
...........
..........
. .
.......
,.- .

WW

Figure6: Strategic time Domain
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3.3.5 Planning Forecasts

Planning forecasts can go out to 16 days. NCEP models require approximately 3 hours to generate
forecasts out to 16 days. Since the interest in planning forecasts is typically 3 to 5 days or more, the
initial road weather conditions do not need to be highly detailed since more degradation in the accuracy
of the model is due to inaccuracies in théiad upper atmospheric measurement3herefore the

processing flow is essentially the same as for strategic forecasts.

Weather Service Provider

Multiple Data
Automobiles Aggregation
T
v
MDC/AVL
(plow trucks) Field
Analyses
T
Commercial H
Trucks ¥
Weather
= " Forecast
1
h 4
Road Condition
Forecast

v

User Interface

.t
.......
L

.....
.......
.....
........
_________
,,,,,,,
.....
T

s,
.

Figure7: Planning Time Domain

Each of the five forecast types satisfies the unigaeds of different road weather stakeholdergable
la and llpresentsthe benefits and limitations afachtype of forecast bypOTstakeholderand other
stakeholder
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Tablela: Benefits and Limitations of Foreta ypes b{pOTStakeholder

PERSISTENCE FORECAST

IMMINENT FORECAST

TACTICAL FORECAST

STRATEGIC FORECAST

PLANNING FORECAST

<5 mins 1 hour 6-24 Hours >24 Hours 1-16 days
MAJOR MAJOR MAJOR MAJOR MAJOR
STAKEHOLDER BENEEITS LIMITATION BENEEITS LIMITATION BENEEITS LIMITATION BENEFITS LIMITATION BENEFITS LIMITATION
ESS, MDC/AVL, ESS and
and CV data MDC/AVL data
along with road along with road
Road conditions weather weather _ Pre_p_aration for
Use CV road or immediate ESS & MDC data | forecasts forecasts derived anticipated
por_mditions to precipitation of marg_inal use derived from from these _ storms and
DOT Maintenance !ndlcatg an events that may due to t_|me_ thesg sources N/A sources provide N/A scheduling of
immediate safety require constraints in provide the the necessary staff and
or mobility . : collection and necessary guidance for equipment to
immediate ) : ) ; :
concern attention integration guidance for the scheduling shift addres_s these
next 1 or 2 changes and potential events
snow & ice determining
control when to call in
treatments drivers RWIS data from
all sources has
] f less influence
Vr I
o iond || ESSAMRC | use forecasts o
; ata takes 100 | 555ags areas of . TOCs and state processing
monitor areas of | long to be of use : possible : factors of the
Traffic Operations possible concern SO concern and N/A oS LEE N/A N/A numerical model
A — concern and T — forec_asts to staff h
issue traveler : prep for winter events. that generates
trav_eler_ oy to issue traveler the forecast
advisories ESS & MDC data | 5qyisories
of marginal use
due to time
constraints in
collection and | Use 6-hour Use 24-hour
Integration forecasts to forecasts to plan Use extended
make go/no go options and forecasts to
DOT Construction N/A N/A decisions on N/A staffing of N/A structure plan to
weather weather work around
sensitive sensitive projected
construction construction weather events
projects projects
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Table2b: Benefits and Limitations of Forecasp&y by Other Stakeholder

PERSISTENCE FORECAST

IMMINENT FORECAST

TACTICAL FORECAST

STRATEGIC FORECAST

PLANNING FORECAST

< 5 mins 1 hour 6-24 Hours >24 Hours 1-16 days
MAJOR MAJOR MAJOR MAJOR MAJOR
STAKEHOLDER BENEEITS LIMITATION BENEEITS LIMITATION BENEEITS LIMITATION BENEFITS LIMITATION BENEEITS LIMITATION
NWS will use NWS will use NWS will use NWS will use NWS will use

Weather Service
Provider

road weather
data parameters
to enhance
general weather
forecast in this
time domain, not
road weather
data.

Surface
Transportation
Weather Service
Provider (STWSP)

Use CV road
conditions to
issue advisory
warning
message

Emergency
Services

Immediate
notification of
impending
slippery spot or
zones of heavy
precipitation

Travelers

Immediate
notification of
impending
slippery spot or
zones of heavy
precipitation

ESS & MDC
data takes too
long to be of use

road weather
data parameters
to enhance
general weather
forecast in this
time domain, not

NWS will need to
modify existing
data acquisition
procedures to
integrate CV

road weather
data parameters
to enhance
general weather
forecast in this
time domain, not

NWS and media
put primary
emphasis on 24-
hour forecast
and not on 6-
hour period and

road weather
data parameters
to enhance
general weather
forecast in this
time domain, not

NWS and media
do not address
road conditions

road weather
data parameters
to enhance
general weather
forecast in this
time domain, not

road weather i road weather SAOD%C;XC'[S%:;;E road weather road weather
data. data. data. data.
Either do use or Use forecast
will use all ESS output along with
’ Use ESS,
Use CV road g’l\? ggﬁt\gll{o e MDC/AVL, and \r;:;tr;terroad
conditions and h d CV data to diti
forecasts to support the roa support the COrEiens o
e weather data N/A needs of man N/A project logistics
warning ry and forecast of the other y planning to
message gffhdesci;gany stakeholders in 2“2?;,[:2”5
: this list pe .
stakeholders in during active
this list storm events
Use initial hours
in 6-hour
Use for_ecasts to ESS & MDC forecasts to
determine any data of marginal determine any
critical pathways | use due to time »
that might be constraints in crltlcal_ pathways N/A N/A N/A N/A
, ‘ that might be
impacted by collection and | jyhacted by
near term integration B Y
seraltieme weather-related
conditions
Notification of Use forecasts to
impending determine
slippery spots or Use forecasts to specific route Use for_ecasts to
zones of heavy Undate drivin travel plans and determine or
precipitation P 9 N/A anticipate any N/A adjust long

along current
and/or
alternative
routes

conditions and
routing options

potential
weather-related
impact on these
plans

distance route
plans

RWIS data from
all sources has

less influence
than the
processing
factors of the

numerical model

that generates
the forecast
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4 Assessing Stakeholder Needs and Resource Availability

An analysis of stakeholder needs in comparison to road weatbssts is a critical first step in
determininghow to best invest in RWIS resources in the future. The four primary resources for obtaining
road weather information include fixed ESS sites, intelligent fleet vehicles (MDC/AVL), CV technologies,
and conneted third party fleet services. Each of these resources have unique sets of data acquisition
capabilities that influence their value in satisfying stakeholder needs that typically require:

" Measurement of specific road weather parameters.

" Accurate readingef these parameters.

Timely display of the currently observed parameters.

" Adequate number of observations to properly define the road weather condition.

Becauseach resource acquires different types of road weather data, one specific resource likely wi

not provide the type of information needed achstakeholder.Therefore movingforward,the MDOT

RWIS program will require multiple data sets or services to satisfy the requirements of the Department

and their stakehold€E + X D Kd[e A]e]}v (}& 3Z % E}PE u Aloo }voC (pooC E
adequately acquires data that satisfies the needs of each stakeholder group.

One way to evaluate the worth of an RWIS resource (pathisay)first consider which resources serve

as sources of specific RWIS data elements, and then look at which RWIS resource provides the necessary
information to effectively meet stakeholder decision support requirements. Tabkdineates the

primary sources for each RWIS data parameter. Tablenmarizes the primary resource that aids
stakeholder decision support requirements. The tables indicate that the analyses are complicated by
the fact that user needs change depending upon the valid time frame of data usage or stakeholder
decision. Theefore, in Table® and 3 the Data Needs and Decision Support Requirements are
separated into five time spans. The diamonds in the Time Frame column tie the time span to the data
need. As aexamplethe RWIS resource that provides road condititaia that is less than 5 minutes

old most effectively is quite different from the RWIS resources that best delivers road condition
information that can be 60 minutes of age or more. Both tables contaitons to indicate that the

RWIS resource is a primyasource of the data need or decision support requirement for the specified
time frame.
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Table3: Ability of RWIS Resources to Satisfy Stakeholder Needs

ABILITY OF RWIS RESOURCES TO SATISFY STAKEHOLDER NEEDS

Time Frame Resource Availability

Data Needs Persistence | Imminent Tactical Strategic | Planning ESS Fleet Vehicles Connected 3rd Party MDC
Forecast Forecast Forecast Forecast Forecast (MDC) Vehicles Data
0-5min 6-60 min 1-6hrs. 6-24hrs. > 24hrs.

< L

Faecast < L L L

Road Temperature <

i
i
i

Road Condition <

| I
| I
| I

Liquid, Snow, Ice, Frost, &
Compacted Snow Depths

| e
| e
| e

Grip, Grip Loss <

rirrrrrrr|ir\rr\r-\r-|r-|r-c|rrr\||\r

| Yl N
| Yl N
| Yl N

Subsurface Temperature & Free
Depth

|

Air Temperature <

||
||
||

Relative Humidity <

| N
| N
| N

Dew Point Temperature <

-\ |rC\r(r|r

|
|
|

Winds: Direction, Speed, & Gust <

|l

Precipitation Type <

| ol

Precipitation Presence <

~
| Y o o ol ol o
| Y o o ol ol o

| e

Precipitation Rate/Intensity <

|l I ol Y I o Y o ol ol Y ol N

| N N
| N N
| N N

Barometric Pressure <

|l

Visibility <

| I o i N o
| I o i N o
| I o i N o

Camera Imagery <
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Table4: Ability of RWIS Resources to Satisfy Stakeholder Decision Support Requirements

ABILITY OF RWIS RESOURCES TO MEET STAKEHOLDER DECISION SUPPORT N

Time Frame Resource Availability
DECISION SUPPORT] Persistence | Imminent Tactical Strategic Planning ESS VFIe-\et Connec 3rd
NEEDS Forecast Forecast Forecast | Forecast | Forecast ehicles tec_i Party
0-5min | 6-60min | 1-6hrs. | 6-24hrs. | > 24hrs. (MDC) | Vehicle | MDC
S Data
< L
Support Road Weather < L B/S
Forecasfor Maintenance < L L L
Planning < L L L
< L L L
< L
Provide information to < L L L L
Maintenance about < L L L L
problematic locations <
<
< L
Provide road condition < L L L L
reportsto the public < - L L L L
<
< L
Enhance input to the < L L L L
maintenance decision < L L L L
support system (MDSS) <
<
< L L
Providevisual assessment < L L
(camera stream or imagery < L L
of road conditions <
<
Enhance MDOT Weather < L S
Respnsive Traffic < L L L L
Management Strategies < L L L L
such asprovide information <
to Motorists/Traffic
Operations about <
problematic locations
< L
Provide vehicle locationsf < L L L
fleet and/or RWIS mobile < L L L
source <
<
<
Provide treatment < L
information (materials used < L
for treated routes) < L
< L

Note: The table includes the following acronyms in tf&Rarty MDC Data column that designate
specific road weather parameters.

x B/S  Blowingsnow tevents areentered by driver via an electroniicterface
X S Slip
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KeyNotes
Keynotesderived from the data presented in Tal##eand Table3 are:

" CVand intelligent fleet data aréhe only resourcethat will provide data and support decisions

in the G 5-minute time framecurrently.
" CV data that will be as effective as ESS, intelligent fleet data, ‘dparBy mobile data once a
fully implemented CV program is in pla@eyond the limits of this reporipcludes:

Road temperature.
Road condition.
Material depths.
Grip/grip loss.
Air temperature.
Relative humidity.
Precipitation presence.
Precipitation rate.

0 Barometric pressure.
CVs cannot provide wind information, precipitation type, barometric pressure, or visibility or
support decisions needing this information.
" ESS, intaljent fleet vehicles, andBparty fleet services are the primary resources to provide
data and support end user tactical, strategic, and planning decisions.
The primary resource to provide data and support user decigiegs to transitiorfrom CV to
ESS and the mobile fleet sources during the 6Gmninute time frame. More emphasis on
forecasting comes into play during this tirperiod. The data required for detailed forecasting is
not available from connected vehicles, althougle timeliness of the CV data still provides
important information to the forecasts and decisiomaking in this timeperiod.
The primary function of data acquisition and decision support in thi&dninute time frame is
to support vehicle to vehie alerts of adverse conditiorandearly alert of hot spots (e.g. to
Transportation Operation Centef§OC),.
The primary function in the 6 t60-minute time frame is to support imminent forecasts of
critical road conditions and visibility issuthat may impact safety and mobility.
The primary function beyond 60 minutes is a focus on the tactical, strategic, and planning
forecasts that enable current road weather support services.
The assessment detailed in TaBland Table8 included reasonsthy each RWIS resource was classified
as a primary resource or a lesser source of information. Key comments in the justification of primary
RWIS resources in Table 2 and Table 3 include:

O OO O oo oo

X Since the intent of the CV program is to transfer advisory mesd$emasvehicle to vehicle
almost instantaneously, it provides the only pathway to do this in the uBehainute time
frame.

X CV information becomes a critical unmatched source of traction information and insight into the
local variations in precipiteon patterns.

X Waiting for or investing in the development of the capabilities of the CV Program seems to be
the most viable alternative to support persistence forecast requirements.
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Imminent forecasts (0 to 60 minutes from observation time) will derivsinof their benefit

from a dense CV observation network over the highway infrastructure. This data set will provide
a mechanism to generate short term (< 60 minute) forecasts of rapidly changing precipitation
events, the advent/cessation of precipitaticand detailed projections of road conditions
highlighting locations where there may be safety concerns.

The primary benefactors of information and forecasts in the6®-minute time frame will be
travelers, although MDOT maintenance, traffic cgt@ons, emergency services, and other
agencies supporting immediate travel needs will find value in the use of imminent forecasts.
ESS and fleaterived data provide a higher value than does CV data in the support of tactical,
strategic, and planning fooasts, primarily because these RWIS resources imave accuracy, a
more complete complement of observed parameters, and a regular reporting schedule.

The suite of weather data from full ESS configurations is helpful in filling valus in
meteorological data set needed to initialize the tactical forecast model runs.

The integration of mobile data sources offers the potential to greatly increase the observation
network. An important consideration in assessing whether to add additid@ald€guipment or
move to mobile sensors to collect road condition information is that mobile sources can create a
denser network of road weather information for a lesser cost. However, the creation of multiple
road condition observations in space and timakus it difficult to integrate these observations

into the existing analysis and forecasting procedures.

Since the performance of planning forecasts has greater dependence on the initialization of the
upper atmosphergarametersand the functionality of tk processing procedures, the type of
RWIS data used for input to the forecast has only limited impact on the planning forecast.
Therefore, the decision regarding whether to add fixed or mobile data sources will have minor
impact on the value of planningrecasts to support stakeholder decisions.
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5 InvestmentStrategies
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how to prioritize these strategies, the regional stakeholder needs and use of the weatbenation
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state, stakeholders may value information that support maintenance decision making over information

to support traffic operations and tkeeler information. While traveler information appears to be key

theme across the state, additional significance may be placed where

x Traffic flows are higher such as in urban centers of Detroit, Lansing, Grand Rapids, Saginaw, and
Flint

x The availability ohlternate routes

x The number of weatherelated crashes and incidents are more prevalent

x The density of connected vehicles does not provide sufficient data to support weather decisions

To address these varying degrees of conditions, itesylihere will be four key need areas that will
drive the future of the RWIS program.

Maintenance Decision | Balanced Maintenance| Traffic Safety and
Support (<24 Hours) | Decision Support Operations

& Limited Traffic [Traffic Operations
Operations Needs

MDOT Regions should consider revisiting their Concept of Operations to ideittifywhich group their
region most adequately aligns. This will help guide which types of RWIS resourcestiindukto
adequately address needs. It is possible that each region identifies a need for both maintenance and
traffic operations however, there may be higher priorities in the short term that allow for developing a
staged deployment strategy in theage. The region should consider where on the spectrum the

priorities fall to select the appropriate short term RWIS plan. Regional users should also consider what
tools and resources are currently available within the existing MDOT program in their igspaeas

to identify where gapsemain The section below discusses the strategies that are best suited to meet
each of these focus areas.
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Maintenance Decision Support (within 1 Hour)

MDOT may focus on increasing fleet data and/or 3rd piayt to support maintenance decision support. This will enhance the data between

available fixed weather stations for the short term. MDOT should not seek out snow plows only, but rather other fleetigfes wethin

Michigan that MDOT could leverage a mobile resource such as Contract County vehicles, MDOT courtesy patrol, state vehicles (TSC)
maintenancevehicles and/or Michigan State Polid¢DOT may want to consider establishing a data collection network (either internally or
under athird-party contract) to collect and aggregate mobile observations in Michigan.

Table5: RWIS Resource Correlatidiaintenance Decision Support (within 1 hour)

Key Need Area

Stakeholder Time Spatial DataParametes
Need
Road weather x Persistent Point Road Conditions from
forecast for next 5 X Imminent Route Segment Mobile Sources

minutes

Current conditions
Maintenance
problem areast
current

Traveler problem
areastcurrent
Road condition
reports tcurrent
Support MDSS
Enharte visual
assessment of iad
conditions
Enhance traffic
management
strategies

MDOT vehicle
locations

Garage / Multiple
Segments
Region

State

Road Condition from
Connected Vehicles

Grip or Traction
information from

Connected Vehicles
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Maintenance Deaion Support (< 24 hours) & Limitebraffic Operations

MDOT should considerraimber of fixed ESS within the region equally spaced to support general road condition forecasting. This will enhance
maintenance decision support plarngfor upcoming storms. Other resources could provide supplemental data, but long term farachse
enhanced by fixed ESS. The fixed ESS will provide additional data points to MDOT traffic operation centers tthenaatger traveler
information programRWIS research indicates a base ESS network with a grid spacing of 60 knp(8@id&¥ data that fulfills this level of
forecasting.

Table6: Maintenance Decision Supp@¢< 24 hours) &Limited Traffic Operations

Key Need Area Stakeholder Time Spatial DataParametes
Need
X Rd weather forecast x Tactical x Point X Fixed Road Locations
beyond 1 hour X Strategic X Route segment x Treatment
Maintenance X Maintenanceproblem | x Planning Information
Decision areastfuture x Road Conditions from
Support (< 24 x Traveler prblem Mobile Sources
hours) &Limited areast future X Road Condition from
Traffic x Enhance traffic Connected Vehicles
Operations management X Grip or Traction
strategies information from
Connected Vehicles
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Balanced Maintenance/Traffic Operations

MDOT should consider deploying a small number of fixed ESS to satisfy long term $acesagport maintenance decision support.
Additionally, MDOT should consider using tBaidelines foDeploying Connected Vehidiaabled Weather Responsive Traffic Management
Strategies to determine which traffic management strategies could be used. It is likehattma of irtelligent fleet and/or 3rd party data will
be neededto assist traffic operations respond to incidents. The key strategy is to enllamdata ingest to DUAP fahe MDOTWXTINFO
program

Table7: Balanced Maintenance/Traffic Opgions

Key Need Area Stakeholder Time Spatial DataParametes
Need
X Road weather forecas| x Persistence x Point X Treatment
for next 5 mins X Imminent x Route Segment Information
X Road weather forecas| x Tactical x Garage / Multiple x Camera
for next hour X Strategic Segments X Road Conditions from
x Road weather forecas| x Planning x Region Mobile Sources
beyond 1 hour X State x Road Condition from
x Current conditions Connected Vehicles
Balanced . : .
. X Maintenance problen X Grip or Tration
Maintenance/ . :

: areas- current information from
Traffic . .
Operations X Maintenance problem Connected Vehicles

areas- future X GPS & Data from the
X Traveler problem Vehicle Electronics
areas- current Controller
X Traveler problem
areas- future
X Road condition
reports- current

® United States Department of Transportatidgfrederal Highwapdministration.
Guidelines for Deploying Connected Vehielebled Weather Responsive Traffic Management Strategies. Publication No:JA®VA478. November 2016.
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Support MDSS
Enhance visual
assessment of road
conditions

Enhance traffic
management
strategies

Travel panning
MDOT vehicle
locations
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TrafficSafety andOperations

MDOT should consider using tliidelines for Deploying Connected VeHialabled Weather Responsive Traffic Managemente&fias® to
determine which traffic management strategies could be used. It is likelyatimix of intelligent fleet and/or 3rd party data will beeededto
assist traffic operatiogstaffrespond to incidents. The key strategy is to enhahesdata ingest to DUAP fahe MDOTWXTINF@rogram

Table8: Traffic Operations Focus

Key Need Area Stakeholder Time Spatial DataParametes
Need
Road weather x Persistence Point x Camera
forecast beyond 1 X Imminent Route Segment X Road Conditions
hour x Tactical Garage / Multiple from Mobile
Current conditions x Strategic Segments Sources
Maintenance Region X Road Condition
State from Connected

Traffic Safety
and Operations

problem areas
current
Maintenance
problem areas
future

Traveler problem
areas- current
Traveler problem
areas- future
Road condition
reports- current
Support MDSS
Enhance visual

Vehicles

X Grip or Traction
information from
Connected
Vehicles

X GPS & Data from
the Vehicle
Electronics
Controller

® United States Department of Transportatidgfrederal Highway Administration.
Guiddines for Deploying Connected Vehi&laabled Weather Responsive Traffic Management Strategies. Publication No:JA®A478. November 2016.
26| Page



Key Need Area

Stakeholder
Need

Time

Spatial

DataParametes

assessment of road
conditions
Enhance traffic
management
strategies

Travel planning
MDOT vehicle
locations
Evaluation of
material & vehicle
use
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Procuremern Considerations foiThird Party Data

Thethird-party fleet services program is a privasector venture that exists to collect road weather data
(E}u }uu E ] o SEWN Ie 8} ep%o%}ES SZ JE& }% E S]}veX dZ]e S ]« ¢]Ju]c
intelligent fleet program and offers a mechanism to enemt the mobile data being collected by MDOT.

MDOT may seek out regional ddtam a third partywhere it is critically needed instead afquiring

third party datafor the entire state. For example, could service provédenly provide information for

the tri-countyMetro Detroitregionto support traffic ogrations decision making rather than providing
data forthe entire stat& This could be a more cost effective approach if it can be geographically bound.
Even thoughhe entire state would benefit ithird party data wascquiredat the statewide level,

priorities might not support that level of investment.

Procurement Considerations for Intelligerfdeet

Analysis indicates that the intelligent fleet pathway offers valuable data to meet the geoarl r

weather stakeholder needs. Intelligent fleets provide a variety of strategic and tactical detialang

for state DOT maintenance and traffic operations. Data from fleets is appealing because the agencies
control the flees, and data collected fromhem can serve multiple purposes for forecasting, traffic
management, winter maintenance operations, and asset management

MDOT may seek mobile packages that enhance road condition forecast anteatame information.
Aftermarket sensor suites are reddavailable to provide air temp, RH, dew point, grip, pavement
condition, pavement temperaturandare as accurate as fixed sensafghey are not used with snow
plows). This strategy will require amending current support contracts if MDOF mtiecurrently own

and maintain the fleet vehicles. Amendment of these contracts may be done at the statewide level or
done regionally. MDOT may consider identifying where vehicles travel prior to selecting the type of fleet
in whichto invest A plot on a few different type of vehicles may help identify which resource will be
provide an abundance of data. MDOT may consider prioritizing their own vehicles in the short term.

Procurement Considerations fdfixed ESS

Table 2 suggesthat MDOTmaygain the most from expanding its fixdxhse ESS network to cover the
remainder of the state at a maximum spacing/minimum denségessaryo meet the focus areas
required by the stakeholdersTheESS component of tHeWISrogramfocuses orthe measurement of
road conditions an@ssociatedveather conditions affecting the road condition§he fxed ESSites
provide continual observations of road conditions, weather conditions, and the temperatures at depths
beneath the mvement. The measured parameters and CCTV imagery are instrumerted MDOT
maintenancedecision processHowever, MDOT maintenance gains as moichmorebenefit from the
road condition and weather forecasts derived from the inclusion of ESS ddwaRWISorecast
products. ESSveatherdata fills voids in the NWS observation network émerebyimproveslocal
forecastggenerated by all weather service provideEorecasting benefits from a continual source of
reliable observations from a netwodK fixed observations. This is not provided by mobile datarces;
therefore, ESS becomes an invaluable resource to support the road weather forecast requirement.

" FHWA: Guidelines for Deploying Connected VehiEleabled Weather Responsive Traffic Management Strategies
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An optimal spacing requirement for an ESS network is dependent upon the projectedthse of
individual sites within the networkTo support the forecast requirement, the greatest benefit appears
to result from a grid network of 60km (36migince the NWS already has a network of observation sites,
the location of ESSitesneeds to be adjsted to permit inclusion of these sites in the grid design. This
grid spacing also provides appropriate spacinfpr a network to recordepresentativeroad condition
variables. Often an agency decides to place an ESS at a site that has unique ereritah
characteristics or iaccidentprone. Additonal sites may be necessary to provide more representative
values for MDOT users in adjacent areas. Prior to the introduction of mobile sensing platf@ms
recommendation was for a denser network irban areas (3@ 40km (18 t 24mi)) to provide a network
of sites to observe road conditions. For future MOANNiIng the 60km network spacing should be
appropriate and selection of new ESS s#lesuld be adjusted to integrate existing NWS sites. Taiobt
the full value of the ESS sities forecasting purposeghey need to include a full set of atmospheric
sensorsas well as road condition sensors.

Benefits would be derived from the deployment of additional sites should additional or construction
specific funding become available.

Procurement Considerations fa€onnected Vehicles

The CV Program offers an extensive expansidhdwoad weather data acquisition capabilities and may
substantially transform road weather analysis techniques. However, this program is not likely to mature
to the point where it becomes a viable road weather resource in the immediate future. Theretore
recommendation is for MDOT to monitor the progress of this program and continue research and
development efforts in the establishment of the prograMDOT should leverage the guidelines for
Deploying Connected Vehicle Enabled Weather Responsivee Maffiagement Strategies and the

MDOT statewide CV Strategic Plan to ensure all future road weather CV initiatives are aligned with

D Kd[e «SCE S P] %0 v v §SZ o 3andtefngtivePapproach iX to initiate the design

and development of aystem to collect information from CVs and other mobile platforms.
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APPENDIXAMDOT RWIS Program Description
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weather information and systems that collect, store, process and disseminate the information for the

end users. This section provides a brief overview efrésources and systems currently supporting the

RWIS program in Michigahe graphidelow illustrates the existing data exchange environment in

which MDOT currently utilizes to support the road weather program.

Figure 1: Relationship of Resources and Systems
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